The Eugenia genus is rich in bioactive substances with biological potential. Mollicutes are bacteria without cell walls, which are responsible for various human and animal diseases. The aim of this study was to evaluate the chemical composition and antimollicute activity of Eugenia mattosii. Leaves and stems were extracted with methanol, partitioned into fractions of different polarities, and submitted to column chromatography in order to isolate major compounds. Identification and quantification of isolated substances in extracts and fractions were performed by UPLC-PDA/ESI+ -QTOF. Methanolic extracts, ethyl acetate and chloroform fractions and isolated substances were screened for antimycoplasmic activity against five Mycoplasma strains. The methanolic extracts of leaves and stems showed moderate antimycoplasmic activity (MICs = 250-500 µg.mL -1 ). The fractions exhibited better effect, with MICs = 125-1000 µg.mL -1 , especially the ethyl acetate fraction of the leaves, which presented MICs of 125-250 µg.mL -1 for all strains tested. Phytochemical analyses evidenced the presence of some phenolic compounds, including pinostrobin, cryptostrobin and catechin, the first showing promising antimycoplasmic activity. Quantification of the compounds demonstrated higher concentrations of pinostrobin and cryptostrobin in the chloroform fraction. In conclusion, E. mattosii presented antimycoplasmic activity related, at least in part, to the presence of pinostrobin.
Mollicutes are bacteria without cell walls, which are responsible for various human and animal diseases, including pneumonia, vaginitis and pyelonephritis. Due to the reported resistance of these microorganisms, it is essential to search for new antimicrobial therapies that are effective against mollicutes, especially the Mycoplasma genus [1, 2] .
Previous studies have demonstrated that some species of Eugenia, such as E. beaurepaireana, E. brasiliensis, E. umbelliflora, E. hiemalis and E. platysema, exhibited promising antimollicute potential [3] [4] [5] . E. mattosii, the focus of this study (Cambuí), occurs in southern Brazil, but there are no studies on its chemical composition and biological activity.
Considering the important activities already described for this genus, and the various problematic infections caused by mollicutes, this study evaluates the antimycoplasmic potential of crude methanolic extracts of the stems and leaves of E. mattosii, their chloroform and ethyl acetate factions, and isolated compounds. In addition, the main substances were identified and quantified by ultra performance liquid chromatography (UPLC).
Preliminary studies using thin-layer chromatography (TLC) with specific reactive reagents, sulfuric anisaldehyde and FeCl 3 , indicated the presence of steroids, terpenes and phenolic compounds as the main constituents of this plant; alkaloids and coumarins were not detected.
Chromatographic procedures led to the isolation and identification of cryptostrobin and pinostrobin from the chloroform fraction of the methanolic extract of the leaves (CLF), and catechin from the ethyl acetate fraction of the methanolic extract of the leaves (EAF), which were identified based on spectral data (NMR) and comparison with either literature data or an authentic sample [6] [7] [8] . Although most of the isolated compounds are common in plants, this is the first report of the presence of pinostrobin, cryptostrobin and catechin in E. mattosii. Pinostrobin was the major compound isolated from the leaves and, to the best of our knowledge, this is the first time this substance has been reported for the Eugenia genus.
UPLC was also used to quantify these compounds by a direct relationship with the area of the isolated compounds in the chromatograms extracted based on their respective mass. This relationship furnished the concentrations (mg.g -1 ) of the compounds in the extracts and fractions analysed; linearity was assumed (Table 1) . *CME-leaves = Crude methanolic leaves extract; CLF-leaves = Chloroform fraction of the methanol extract of the leaves; EAF-leaves = Ethyl acetate fraction of the methanol extract of the leaves; CME-stems = Crude methanolic stems extract; CLF-stems = Chloroform fraction of the methanol extract of the stems; EAF-stems = Ethyl acetate fraction of the methanol extract of the stems. ND = not detected. ), but only in the ethyl acetate fraction, due to its polar property.
For antimycoplasmic activity, the criterion established by Holetz et al. was used to establish the antimycoplasmic effects [9] . Extracts and fractions with MIC values lower than 10 μg.mL -1 were considered to have excellent activity; values between 10 and 100 μg.mL -1 were considered good; between 100 and 500 μg.mL -1 moderate, and those between 500 and 1000 μg.mL -1 low activity. Samples with MIC values higher than 1000 μg.mL -1 were considered inactive. Isolated compounds were considered inactive when the MIC was higher than 100 μg.mL -1 . The antimycoplasmic activities of extracts, fractions and isolated compounds of E. mattosii leaves and stems are presented in Table 2 . As expected, the extracts exhibited the lowest antimycoplasmic activity (MIC between 250 and 500 μg.mL -1 ), followed by the fractions and isolated compounds. *CME-leaves = Crude methanolic leaves extract; CLF-leaves = Chloroform fraction of the methanol extract of the leaves; EAF-leaves = Ethyl acetate fraction of the methanol extract of the leaves; CME-stems = Crude methanolic stems extract; CLF-stems = Chloroform fraction of the methanol extract of the stems; EAF-stems = Ethyl acetate fraction of the methanol extract of the stems. NT= Not tested
Since pinostrobin is the major compound present in the chloroform fraction, it is probably responsible for the antimollicute activity demonstrated for this sample. This is also assumed to be the case when comparing the results of both tables. The EAF-stems fraction presented the lowest quantities of pinostrobin and it is the one with the least antimycoplasmic activity. In addition, CLF-leaves and CME-leaves presented greater antimycoplasmic activity and had higher concentrations of this compound when compared with the others extracts and fractions.
Cryptostrobin also presented antimycoplasmic activity against three strains (M. capricolum subs. capricolum, M. genitalium and M. pneumoniae FH), which could be associated with the good results found for CLF-leaves and CME-leaves, since its concentration in both extracts is significant.
Both compounds isolated from the nonpolar fraction (pinostrobin and cryptostrobin) have not been previously evaluated for their antimycoplasmic activity.
Pinostrobin has already shown some antibacterial activity. Bhamarapravati et al. [10] demonstrated that this compound presents promising antimicrobial potential against Helicobacter pylori. More recently, Lowrence et al. [11] showed that pinostrobin had an antimicrobial effect against nine common strains and also displayed synergy with commercial antibiotics against diverse bacteria, causing a drastic reduction in their MICs, and a significant antibiofilm effect against Escherichia coli and Pseudomonas aeruginosa.
Rosandy et al. [6] evaluated the antibacterial effects of Australian stingless bee propolis extracts, showing that some flavanones (including pinostrobin and cryptostrobin), isolated from C. torelliana (a tree from which bees collect fruit resins and incorporate them into the propolis), inhibited the growth of Staphylococcus aureus.
The presence of other nonpolar compounds, such as fatty acids and triterpenes, may also have favored the antimycoplasmic activity, as previously reported by Tenfen et al. [4] who analyzed the antimollicute activity of Eugenia platysema.
Catechin was also tested for its antimycoplasmic potential, seeking to explain the moderate antimycoplasmic activity found for the EAF-leaves, a polar fraction rich in catechin, as shown in Table 1 , but the compound was inactive. Therefore, some other compounds found (such as other flavonoids) in this polar fraction may be related to the results observed. Many researchers have examined the relationship between flavonoid structure and antibacterial activity, showing that these compounds are likely to have antibacterial potential, and possible antimollicute potential as well [12] .
Other species of Eugenia have been studied for their antimollicute activity. Benfatti et al., [3] found good minimal inhibitory concentration for the leaves extract of E. beaurepaireana and moderate activity for E. brasiliensis and E. umbelliflora against three species of mollicutes. Zatelli et al. [5] also verified antimycoplasmic activity for E. hiemalis essential oil.
In conclusion, extracts and fractions of E. mattosii showed moderate antimycoplasmic activity, and pinostrobin, the major compound isolated from the leaves of this plant, demonstrated good and promising activity. Complimentary studies on this species should be carried out to explore other active antibacterial compounds. It is also important to emphasize that this is the first study to evaluate the chemical composition and antimycoplasmic activity of E. mattosii and the isolated compounds pinostrobin, cryptostrobin and catechin.
Experimental
Plant material: The leaves and stems of Eugenia mattosii D. Legrand were collected in the city of Itajaí-SC in August 2015 and identified by Prof. Oscar Iza (UNIVALI). A voucher specimen was deposited at the Barbosa Rodrigues Herbarium under number VCF 150.
Extraction procedures: Dried leaves (560 g) and stems (700 g) of E. mattosii were extracted separately by maceration with methanol for 7 days at room temperature. The extracts were then filtered and concentrated in a rotary evaporator under reduced pressure (50 ºC) furnishing the respective crude methanolic extracts (CME). The yields of these were 15.3% (CME-leaves) and 2.6% (CME-stems). The extracts were then partitioned with chloroform and ethyl acetate. The respective yields were: CLF-leaves (5.43%), CLFstems (0.51%), AEF-leaves (2.77%) and AEF-stems (0.15%).
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Isolation of the constituents (leaves):
The chloroform and ethyl acetate fractions of the leaves were submitted to column chromatography (CC), separately, to isolate the major compounds. The chloroform fraction (15 g) was separated by open silica gel CC eluting with a n-hexane:acetone gradient (starting from 100% n-hexane, decreasing to 90% n-hexane and 10% acetone, then 80% n-hexane and 20% acetone and finishing with 100% acetone), resulting in 183 sub-fractions (10 mL each). Similar sub-fractions were combined based on their TLC profile, carried out on a precoated Merck Kieselgel 60 F 254 plate (0.25 mm) using n-hexane:acetone (80:20) as mobile phase. Detection of the compounds was achieved by using sulfuric anisaldehyde reagent and UV light. Sub-fraction 75-89 (664 mg) was re-chromatographed as described before furnishing a pure solid, identified as pinostrobin (362 mg), while sub-fraction 153-177 (1056 mg) led to the isolation of 84 mg of cryptostrobin, which were identified based on the spectral data [6] .
The ethyl acetate fraction (12 g) was also submitted to chromatographic procedures as indicated before, but using a chloroform:methanol gradient (starting from 100% chloroform, decreasing to 90% chloroform and 10% methanol, then 80% chloroform and 20% methanol and finishing with 100% methanol). 138 sub-fractions were collected and combined according to similarity in TLC, using chloroform:methanol (80:20) as mobile phase. Compounds were visualized by UV and ferric chloride (FeCl 3 ) as the specific reagent. Sub-fraction 48-56 (233 mg) was re-chromatographed yielding catechin (19 mg), identified based on the spectral data and comparison with an authentic sample [7, 8] .
Identification and quantification of isolated compounds by UPLC-PDA/ESI+ -QTOF:
An Acquity Ultra Performance Liquid Chromatography system (UPLC) was used, which consisted of a Waters Acquity binary solvent manager, autosampler and Photodiode Array Detector (PDA) coupled with a Quadrupole Time of Flight (Q-ToF) (Waters Synapt G1), (Waters Corp., Milford, MA, USA) in series. The instrument was controlled and the data were processed using Waters Mass Lynx V4.1 software. All the UPLC-MS analyses of the samples, in randomized sequence, were performed in positive and V optics mode (ESI-V+), using a reversed phase chromatographic system. The column used for the UPLC method was an Acquity UPLC BEH C18 1.7µm 2.1 mm x 100 mm. The mobile phase components were A: water with 0.1 % formic acid and B: acetronitrile. The column was eluted at a flow rate of 0.2 mL/min; the gradient started with 15% B in A and held for 5 min, increasing to 35% in 10 min, to 55% in 20 min, to 70% in 22 min, to 80% in 24 min, returning to initial conditions gradually in 35 min, and held for 2 min for column equilibration. The injected volume was 1 µL.
Mass spectrometric data were acquired with an electrospray source, a mass scan range of 70-1000 m/z, source temperature 120ºC, desolvation temperature 250ºC, cone gas flow 10 Lh -1 , and desolvation gas 450 Lh -1 . The capillary voltage was set to 3.0 kV.
Samples were prepared in methanol LC-MS grade. Pinostrobin, cryptostrobin and catechin isolated from the leaves of E. mattosii were used as chemical markers.
Quantification of compounds:
The chemical markers used were identified by their mass in the chromatograms of extracts and fractions of E. mattosii. To identify pinostrobin and cryptostrobin the respective mass was considered (271), and to identify catechin the respective mass (291) was considered. In order to calculate the concentration of these compounds in the extracts and fractions, the total area of the chromatogram was related to the isolated compound area (standard chromatogram), to obtain a percentage (m/m) that was later transformed into a concentration (mg.g -1 ), assuming linearity. [13] .
The crude extracts, fractions and compounds of E. mattosii were evaluated by determining the minimum inhibitory concentration (MIC). The microdilution broth assay was performed in sterile 96-well microplates, as recommended by the Clinical and Laboratory Standards Institute and Bebear and Robertson with some modifications for mollicutes [14, 15] .
The samples were properly prepared and transferred to each microplate well with the appropriate culture medium, to obtain a twofold serial dilution of the original extract in a 10 % medium/dimethyl sulfoxide (DMSO) solution, obtaining sample concentrations ranging from 1000 μg.mL -1 to 7.81 μg.mL -1 (for the extract and fractions) and between 100 μg.mL -1 to 7.81 μg.mL -1 for the isolated compounds. The inoculum containing 10 4 to 10 5 microorganisms per mL was then added to each well. A number of wells were reserved in each plate to test for sterility control (no inoculum added), positive control (azithromycin), inoculum viability (no extract added), and the DMSO inhibitory effect.
The microplates were incubated at 37°C ± 1°C for 24 or 48 h (depending on the bacterium). Thereafter, growth of mollicutes strains was detected by observing the color change in the medium. The MIC was defined as the lowest concentration of the samples able to inhibit microbial growth.
